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between  the  two  structures  are  (1)  the  Mo-to-Mo  distances  which 
are  3.335(2)  and  2.525(l)Jl,  for  I and  II,  respectively,  and  (11) 
the  angles  of  the  Mo,(u-0)2  moiety.  These  differences  are 
rationalized  In  terms  of  simple  ligand  field  considerations.  In 
compound  I,  which  contains  molybdenum  In  a formal  oxidation  state 
of  +2,  there  are  four  electrons  In  dxz*  ^yz  atomic  orbitals  which 
are  extensively  Involved  In  back  bonding  to  the  NO'*’  ligand.  In 
compound  II,  which  contains  molybdenum  In  a formal  oxidation 
state  of  44,  there  are  only  two  electrons  In  the  dxz,  ^yz  atomic 
orbitals.  These  electrons  then  form  a Mo-Mo  double  bond;  this 
accounts  for  the  short  Mo-to-Mo  bond  distance  and  the  diamagnetic 
nature  of  compound  II. 


Octa(lsopropoxy)difflolybdenua  and  Bls(nltrosyl)hexa(l8opropoxy)dlmolybdenuffl. 
Structure  and  Bonding  In  Compounds  Containing  Molybdenum  Atoms  with 
Fourteen  Valence  Shell  Electronic  Configurations. 

Sir; 

The  occurrence  of  compounds  containing  netal-to-metal  bonds  of  order 

4,3,2  and  1 Is  now  well  recognized.^  As  yet,  however,  the  systematic  manner 

In  which  C-C  bond  order  may  be  changed  In  organic  chemistry  has  no  parallel 

In  transition  metal  chemistry.  The  products  of  addition/elimination  reactions 

Involving  dinuclear  compounds  appear  to  be  unpredictable,  although  a subsequent 

rationale  may  usually  be  advanced  with  judicious  hindsight.  We  report  here 

the  structural  characterization  of  two  closely  related  and  yet  contrasting 

compounds,  namely,  and  Mo^COPr^)^,  II.  Each  one  may  be 

considered  formally  as  an  addition  product  of  Mo2(0Pr^)g,  a compound  containing 

2 

a metal-to-metal  triple  bond.  Compound  I Is  Indeed  directly  formed  by  the 

13  1 

addition  of  NO  (2  equiv)  to  Mo2(0Pr  ) Mo^COPr  )g  is  best  prepared  from  the 
reaction  between  MoCNMe^)^  and  Pr  OH.  The  addition  of  2 NO  causes  cleavage 
of  the  M-M  triple  bond,  while  addition  of  2Pr^0'  (a  hypothetical  reaction) 
transforms  an  M-M  triple  bond  to  an  M-M  double  bond.^ 

Figure  1 shows  the  essential  features  of  the  coordination  geometry  In 
each  molecule.  Pertinent  bond  distances  and  angles  are  given  In  Tables  I and 
II.  Each  compound  has  rigorous  inversion  symmetry  and  virtual  symmetry 
and  in  each  there  is  essentially  trigonal  blpyramidal  coordination  about  each 
m ' ''denum  atom.  The  asymmetry  of  the  central  planar  Mo^ (0-0)2  moiety  is  most  pro- 
I in  I due  to  the  high  trans-influence^  of  the  nitrosyl  ligands  which  occupy 

the  .r  axial  positions.  The  most  striking  differences  between  the  two  structures 
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are  (1)  the  Mo-co-Mo  distances  which  are  3.335(2)  and  2.S2S(1)A,  for  I and  II, 
respectively,  and  (11)  the  angles  of  the  Mo2(U'-0)2  moiety. 

With  a Mo-Ho  distance  of  3. 335 (2) A It  may  be  safely  assumed  that  no 
significant  metal-to-metal  bond  exists  In  I,  while  In  II,  a Mo-Mo  distance  of 

O 

2.525A  Is  suggestive  of  a metal-to-metal  double  bond.  This  conclusion  Is 

supported  by  the  following  considerations  of  bonding.  A trigonal  blpyramldal 

field  splits  the  metal  d orbitals  Into  three  sets  e'(d  . -,  d ),  e''(d  ,d  ) 

2 2 xy  xz  yz 

X — y 

and  a' (d  >)  with  the  d , d degenerate  pair  lying  lowest  In  energy.  In  I, 

^ xz  vz 

z 

I each  Mo  atom  may  be  assumed,  formally,  to  have  four  4d  electrons  after  the 

formation  of  a bonds  to  each  of  the  five  ligands,  provided  we  also  use  the 

conventional  though  purely  formal  description  of  the  linear  Mo-S-O  moiety  as 

Mo-(NO^).  These  four  electrons  should  then  fill  up  the  e"(d^^,dy^)  orbitals, 

where  they  can  participate  very  effectively  In  backbondlng  to  the  NO,  thus 

explaining  the  very  low  (1632  cm  ^)  value  of  In  compound  II,  where  the 

formal  oxidation  number  of  Mo  Is  +2,  each  Mo  atom  has  two  4d  electrons.  It 

is  possible  to  envision  the  formation  of  a double  bond  as  the  result  of 

and  d -d  overlaps.  This  could  be  construed  as  a combination  of  one  ir  bond 
yz  yz 

and  one  5 bond,  but  whether  the  lower  symmetry  that  actually  exists  will 
materially  alter  such  a formal  description  is  problematic.  In  any  event,  in  both 
I and  II  the  molybdenum  atoms  have  14-electron  valence  shell  configurations. 

Finally,  we  note  two  other  reactions  of  Mo2(0R)g  compounds  which  result 
In  the  formation  of  fourteen  valence  shell  electronic  configurations  for 
molybdenum:^ 


(i) 

Mo2(0R)^ 

+ 2L  ^ Mo2(OR)gL2  where  L ■ an  amine 

(ii) 

Mo2(0R)g 

+ 2CO2  Z )io^(.OK) ^(O^COK) 

-3- 
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Here  the  M-M  triple  bond  Is  retained  (Mo-Mo  ■ 2. 242 (2) A)  between  molybdenuo 
atoms  which  are  four  coordinated.^ 
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Table  I.  Selected 

• 1 
Bond  Distances  (A)  and  Angles  (Deg)  In  Mo2(0Pr  ] 

Atoms 

Distance 

Atoms 

Angle 

Mo-Mo' 

2.523(1) 

Mo-Mo '-0(4) 

105.1(1) 

-0(1) 

1.958(3) 

O(l)-Mo-O(l)' 

103.5(1) 

-0(1)' 

2.111(3) 

-0(2) 

120.9(1) 

-0(2) 

1.872(3) 

-0(3) 

83.5(1) 

-0(3) 

1.976(3) 

-((4) 

120.2(2) 

-0(4) 

1.884(3) 

0(l)'-Mo-0(2) 

84.9(1) 

-0(3) 

173.1(1) 

Atoms 

Angle 

-0(4) 

81.0(1) 

Mo' -Mo-0 (1) 

54.45(9) 

0(2)-Mo-0(3) 

91.2(1) 

-0(1)' 

49.00(9) 

-0(4) 

118.9(2) 

-0(2) 

108.9(1) 

0(3)-Mo-0(4) 

95.8(2) 

-0(3) 

137.9(1) 

^Atoms  are  labelled  as  in  Figure  lA.  Esd's  are  In  parentheses. 
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• 1 . 
Table  II.  Selected  Bond  Distances  (A)  and  Angles  (Deg)  in  Mo2(0Pr  )g(NO),. 


Atoms 

Molecule  I 

Molecule  II 

Mo(l)-Mo(l)' 

3.334(2) 

Distance 

3.337(2) 

0(1) 

1.951(6) 

1.946(6) 

0(1)* 

2.195(6) 

2.194(6) 

0(2) 

1.850(7) 

1.849(8) 

0(3) 

1.861(6) 

1.857(7) 

N(l) 

1.747(9) 

1.761(10) 

N(l)-0(4) 

1.205(11) 

1.184(11) 

Mo(l)'-Mo(l)-0(l) 

39.1(2) 

Angles 

38.9(2) 

0(1)' 

34.1(2) 

33.8(2) 

0(2) 

102.8(2) 

102.8(3) 

0(3) 

101.4(2) 

102.6(2) 

N(l) 

137.9(3) 

138.0(3) 

0(l)-Mo(l)-0(l)' 

73.1(3) 

72.7(3) 

0(2) 

119.3(3) 

119.1(3) 

0(3) 

117.3(3) 

118.6(3) 

N(l) 

98.8(4) 

99.1(4) 

0(l)'-Mo(l)-0(2) 

88.4(3) 

84.6(3) 

0(3) 

83.8(3) 

84.6(3) 

N(l) 

171.9(4) 

171.9(4) 

0(2)-Mo(l)-0(3) 

115.1(3) 

114.2(3) 

N(l) 

100.8(4) 

100.0(4) 

0(3)-Mo(l)-N(l) 

99.5(4) 

99.4(4) 

Mo(l)-N(l)-0(4) 

178(1) 

177(1) 

^Atoms  are  labelled  as  in  Figure  lb. 

Esd's  are  In  parentheses. 
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Table  IV.  (continued) 


Figure  1.  Coordination  geometries  of  (A)  Mo2(0Pr^)g  and  (B)  Mo^ (OPr^)^(NO) 
showing  some  pertinent  bond  distances.  Distances  shown  for  b are  averaged 
over  two  Independent  molecules.  In  both  A and  B the  molecules  possess 
rigorous  C^^  and  virtual  C2^  symmetry. 
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